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FKDOOHQJLQJ KXUGOH WR FKHPLVW DQG ELRORJLVW IRUPDQ\ \HDUV7R JHW WKH
DFFHVVRIWKHVHELRORJLFDOO\LPSRUWDQWROLJRVDFFKDULGHVDXWRPDWHGHOHFWURFKHPLFDOROLJRVDFFKDULGHV\QWKHVL]HUFRPH
XSDVDSURPLVLQJDOWHUQDWLYH7KHDXWRPDWHGHOHFWURFKHPLFDOV\QWKHVL]HUKDVEHHQVXFFHVVIXOO\HPSOR\HGLQV\QWKHVLV









WKH VXEVHTXHQW SXULILFDWLRQ RI WKH FUXGH SURGXFW E\ SUHSDUDWLYH JHOSHUPHDWLRQ FKURPDWRJUDSK\ *3& DIIRUGHG


















































































FRUH WULVDFFKDULGH IXUWKHU ZH EHFDPH LQWHUHVWHG LQ
DXWRPDWHG HOHFWURFKHPLFDO V\QWKHVLV RI ROLJRJOXFRVLGHV
+HUHLQ WRR WKLRJOXFRVLGHV HTXLSSHG ZLWK YDULHW\ RI
SURWHFWLQJ JURXSZHUH V\QWKHVL]HG )XUWKHUPRUH R[LGDWLRQ
SRWHQWLDOV ZHUH PHDVXUHG WR FRQILUPHG WKHLU IHDVLELOLW\ LQ
DQRGLF R[LGDWLRQ FRQGLWLRQ &RPSDULVRQ RI FORVHO\ UHODWHG
EXLOGLQJ EORFNV VXFK DV 2+ )PRF SURWHFWLRQ RI
WKLRJO\FRVLGH9ZLWKWKDWRI2+SURWHFWLRQRI$OO\O
9&O$F 9 DQG$F 9 VKRZV D GLVWLQFW





































7R YDOLGDWH WKH WKHRU\ RI RXU K\SRWKHVLV ZH V\QWKHVL]HG ROLJRJOXFRVDPLQH XQLWV RI WHWUD SHQWD DQG
KH[DVDFFKDULGHV XVLQJ DXWRPDWHG HOHFWURFKHPLFDO DVVHPEO\ ZLWK UHDVRQDEOH \LHOGV 1RZ WKH VWDJH ZDV VHW IRU
DXWRPDWHGHOHFWURFKHPLFDOLQWUDPROHFXODUJO\FRV\ODWLRQ$VDPRGHOUHDFWLRQHOHFWURFKHPLFDOFHOOFKDUJHGZLWK
0OLQHDUWHWUDVDFFKDULGHZDVHOHFWURFKHPLFDOO\DFWLYDWHGDWR&E\PHDQVRI)PROHHOHFWULFLW\DQGIXUWKHUWKH
UHDFWLRQ WHPSHUDWXUHJUDGXDOO\EURXJKW WRR&RYHUDSHULRGRIKDQGILQDOO\UHDFWLRQ LVTXHQFKHGZLWK(W1
3XULILFDWLRQ RI FRPSRXQG E\ VLPSOH H[WUDFWLRQZLWK (W2$F DYRLGLQJ WHGLRXV FKURPDWRJUDSKLFPHWKRGV UHVXOWHG
F\FOLFWHWUDVDFFKDULGHLQDVDVLQJOHFRPSRXQG)XUWKHULQFUHDVLQJWKHFRQFHQWUDWLRQRIVXEVWUDWHXSWR0
GRHVQ¶WPDNHDVLJQLILFDQWFKDQJHLQWKHJO\FRV\ODWLRQ\LHOGVXJJHVWLQJRQO\LQWUDPROHFXODUUHDFWLRQDUHIDYRUHGXQGHU
WKHVH FRQFHQWUDWLRQV 6LPLODUO\ F\FOLF SHQWDVDFFKDULGH DQG KH[DVDFFKDULGHV ZHUH DOVR HIILFLHQWO\ V\QWKHVL]HG
H[SORLWLQJ JHQHUDOLW\ RI PHWKRGRORJ\ ZLWK DQ H[FHOOHQW  DQG  \LHOG UHVSHFWLYHO\ ([FHOOHQW UHVXOWV RI
HOHFWURFKHPLFDOF\FOLVDWLRQHQFRXUDJHXVIRUGHWDLOHGLQYHVWLJDWLRQRIUHDFWLYLW\EDVHGVHOHFWLYHF\FOLVDWLRQLQSUHVHQFH
RISULPDU\DVZHOODVVHFRQGDU\VXJDUDOFRKROV WKXVSUHYLRXVO\UHSRUWHGWHWUDVDFFKDULGHKDYLQJWULDFHW\ODWHG
WHUPLQDO VXJDU PRLHW\ KDYH EHHQ HIIHFWLYHO\ UHSURGXFHG XVLQJ$($ 6XFFHVVLYH WUHDWPHQW RI K\GURFKORULF DFLG
UHVXOWHG SDUWLDOO\ SURWHFWHG WHWUDVDFFKDULGH LQ TXDQWLWDWLYH \LHOG$IRUHPHQWLRQHG HOHFWURFKHPLFDO SURWRFRO LV WKHQ
HPSOR\HGIRUSDUWLDOO\SURWHFWHGWHWUDVDFFKDULGHIROORZHGE\EDVHFDWDO\]HGDFHW\ODWLRQUHVXOWHGF\FOLFWHWUDVDFFKDULGH
ZLWKFRPSOHWHȕVHOHFWLYLW\LQDQH[FHOOHQW\LHOGRYHUWZRVWHSVDVDVLQJOHSURGXFW7RHVWDEOLVKHGWKHVHOHFWLYLW\






,Q VXPPDU\ ZH KDYH GHYHORSHG D FDUERK\GUDWH EXLOGLQJ EORFN RI PDQQRVLGHV EDVHG RQ ')7 FDOFXODWLRQV
HOHFWURFKHPLFDODQDO\VLVDQGDXWRPDWHGVROXWLRQSKDVHV\QWKHVLV7KHRSWLPL]HGWKLRPDQQRVLGHVZDVXVHGWRSUHSDUH
WKHFRUHWULVDFFKDULGHRI*3,DQFKRUROLJRVDFFKDULGHV)XUWKHUPRUH DXWRPDWHGHOHFWURFKHPLFDODVVHPEO\RIȕJOXFDQV
ZDVH[SORUHGZLWK WKHGHVLJQ V\QWKHVLV DQG UDWLRQDORSWLPL]DWLRQRI FDUERK\GUDWHEXLOGLQJEORFNVRIJOXFRVLGHV
2[LGDWLRQSRWHQWLDOVRIEXLOGLQJEORFNVZLWKYDULRXVW\SHVRISURWHFWLQJJURXSVRIK\GUR[\OJURXSVZHUHPHDVXUHGWR
HVWLPDWH WKHLU UHDFWLYLW\ XQGHU DQRGLF R[LGDWLRQ FRQGLWLRQV %XLOGLQJ EORFNV IRU ERWK ȕ DQG ȕJO\FRVLGLF
OLQNDJHVZHUHRSWLPL]HGE\DXWRPDWHGHOHFWURFKHPLFDODVVHPEO\RIGLVDFFKDULGHVDQGWULVDFFKDULGHV6HYHUDOV\QWKHWLF
DWWHPSWV ZHUH DOVR PDGH IRU WKH V\QWKHVLV RI WKH KH[DVDFFKDULGH UHSHDWLQJ XQLW LQ D PDFURF\FOLF ȕJOXFDQ
WULGHFDVDFFKDULGH)LQDOO\F\FOLFROLJRJOXFRVDPLQHVKDYHEHHQVXFFHVVIXOO\ V\QWKHVL]HGZLWKH[FHOOHQWF\FOL]DWLRQ
\LHOGV2OLJRPHUFRQFHQWUDWLRQHIIHFWVWXG\DQGVXJDUDOFRKROVUHDFWLYLW\EDVHGF\FOL]DWLRQDOVRSXWIRUZDUGWRH[SORUH
LQKHUHQWIHDWXUHVRIHOHFWURFKHPLFDOJO\FRV\ODWLRQ
